Abstract Screening for nasopharyngeal carcinoma has been advocated in countries where the disease is endemic, especially among family members of nasopharyngeal carcinoma patients, as they are at significantly higher risk. Screening programmes are generally based on nasoendoscopy and Epstein-Barr virus (EBV) IgA serology tests, which have varying sensitivities and specificities. This article highlights the importance of screening for nasopharyngeal carcinoma and discusses current screening strategies and their outcomes. Challenges faced in identifying a good screening test are highlighted, and newer screening tools, including EBV DNA load and narrowband imaging, are discussed. Recently developed molecular assays based on nasopharyngeal swabs are also discussed.
Introduction
Nasopharyngeal carcinoma (NPC) is an uncommon cancer in most of the world, ranking as the 24th most frequently diagnosed cancer worldwide, with an incidence rate of 0.3-2.1 per 100,000 and accounting for only 0.7 % of the global cancer burden [1] . However, dramatically elevated rates are observed in certain populations. Of the geographical areas, NPC has the highest incident rate in Southeast Asia, as the 6th most common cancer among males (incidence rate 6.4 per 100,000) [1] . Populations with a high incidence include the Singapore Chinese, Malaysian Sarawak Bidayuh, and the Southern Chinese from Hong Kong and Guangdong. Incidence rates in these higher-risk populations range from 12.5 to 31.5 per 100,000 [2, 3] . Among Singapore males, it is the 7th most common cancer, with an incidence rate of 13.6 per 100,000 [4] .
The distribution of NPC in particular geographic and ethnic groups suggests both environmental and genetic components in its etiology. Familial clustering of NPC has been widely reported and populations from high-risk areas continue to demonstrate a high risk of developing NPC even after migration to low-risk countries [5, 6] . Furthermore, first-degree relatives of NPC patients have a fourfold to ten-fold elevated risk of developing NPC, compared to those without a family history [2] . Certain genetic alleles, such as HLA-A2, B14, and B46, have also been associated with higher NPC risk [7] . Environmental risk factors with a strong association include intake of salted fish, and reduced intake of fresh fruits and vegetables.
Another important component in the etiology of NPC is the Epstein-Barr virus (EBV), a ubiquitous herpesvirus carried in a latent, non-pathogenic state by 80-90 % of all humans [8] . The association between EBV antibodies and NPC, which forms the basis for the majority of screening tests today, has been established since the late 1960s, with correlation of titres to the stage of disease and the amount of tumour present [9, 10] .
The WHO classifies NPC into two histologic groups, keratinizing squamous cell carcinoma (type I) and nonkeratinising carcinoma (type 2), further subdivided into differentiated (type 2a) and undifferentiated (type 2b) tumors. In endemic countries, the vast majority of NPC is of the type 2 variety, which has a strong association with EBV infection. Population-based screening studies have thus only been performed in endemic countries to date, with different types of EBV serology and viral DNA load tests used as screening tools.
Role for Screening
Although NPC constitutes an important health problem in endemic countries, its incidence in the general population remains low compared to other major cancers. In some developed countries, its incidence is decreasing, possibly due to lifestyle modifications and a decreased intake of preserved foods [11, 12] . Screening for NPC is challenging, as there is no clear pre-malignant phase, unlike other cancers such as the adenoma-carcinoma sequence in colorectal cancer, or the spectrum of pre-malignant conditions (varying degrees of dysplasia to carcinoma-in situ) in cervical cancer. Nonetheless, early detection of NPC reduces the morbidity of treatment, as early stage disease is treated with radiation therapy alone, compared to advanced disease, which is treated with chemotherapy and radiation therapy. Furthermore, NPC patients are often middle-aged and economically active; detection at an early stage significantly improves survival and may be economically advantageous in a country with endemic disease.
Although the majority of NPC patients have a visible mass in the nasopharynx on nasoendoscopy, the occasional patient may present with a normal-appearing nasopharynx. To the clinician's relief, these patients will usually have palpable cervical lymph node metastasis [13] . With regards to laboratory methods, no single blood test has managed to achieve sufficiently high sensitivity and specificity to allow for a single test to be used for screening in the general population. An inadequately sensitive test would give a high false negative rate, missing patients with NPC. Conversely, inadequate specificity would result in too many false positives, and would result in unnecessary nasoendoscopies, nasopharynx biopsies and follow-up visits. Although screening the general population appears to be problematic, screening programmes for high-risk family members have been proposed due to higher incidence rates among family members.
Screening high-risk family members for NPC in endemic populations with serology and nasoendoscopy has demonstrated high incidence rates of 77-266/100,000 person-years, which is much higher than the general population [14, 15] . In the strongest evidence yet, a prospective screening study by Ng et al. [14] demonstrated that screening family members aids the detection of NPC at early stages and improves disease-free survival. Seventeen cases of NPC were identified out of 1,199 asymptomatic family members, and 59 % presented at early stage (I and II) compared to only 24 % of symptomatic NPC patients presenting at an early stage during the same period. NPC cases picked up on screening also had significantly higher disease-free survival with a hazard ratio of 0.319 for recurrence or death relative to symptomatic NPC patients (p = 0.04).
Using Markov chain models, Choi et al. [16] analysed the efficacy of screening strategies for familial NPC in the same cohort. The mean sojourn time (duration between asymptomatic and clinical phase of disease) was estimated to be 3.12 years, consistent with previous estimates by Ji et al. [17] . A long sojourn time is important for successful disease screening. Based on simulation models, Choi et al. showed that stratifying family members based on EBV status could significantly improve the efficacy of screening programmes. By selecting EBV-positive individuals for annual screening while screening EBV-negative individuals triennially, the number of screening visits could be reduced by 40 %, with a reduction in disease pick-up by less than 1 %. Using serology results to stratify patients based on their risk, and tailoring a risk-specific follow-up screening plan would help maximise the use of resources in a screening programme.
Apart from screening of high-risk family members, general population-based screening studies have also been carried out with serology tests and reviews of cancer registries, with lower incidence rates reported compared to screening of high-risk family members [18, 19 • ] . A summary of the results of these studies can be found in Table 1 .
EBV Serology Tests
EBV serology has been the main test used in screening. This is based on the observation that NPC patients have elevated IgG and IgA antibody titres to the EBV viral capsid antigen (VCA) and EBV early antigen (Ea), as well as increased IgG against the latent viral nuclear antigens 1 and 2 (EBNA-1, EBNA-2) and neutralizing antibodies against EBV-specific DNase [2] . EBV IgA antibodies especially may be elevated in the years before diagnosis (sometimes up to 10 years before diagnosis), and elevated titres have been shown to increase the risk of NPC [17, 20] .
Chien et al. [20] demonstrated in a cohort of 8, 891 Taiwanese men that elevated EBV VCA IgA antibodies resulted in a relative risk of 22.0 compared to negative individuals, and a cummulative risk of 301.3 per 100,000 person-years. The result was less pronounced for EBV Anti-EBV DNase antibodies, with a relative risk of 3.5 and a cummulative risk of 45.7 per 100,000 person-years. The authors also found that EBV IgA levels were elevated before diagnosis, and the relative risk of developing NPC with a positive EBV VCA IgA titre was especially high in the first 5 years of follow-up, at 55.5 compared to EBV VCA IgA negative individuals. However, only 1.2 % of the study population had positive EBV VCA IgA titres, while other publications report higher positive rates in the general population [19 • , 21-23] . Another large cohort study involving 18,986 Chinese subjects similarly found that EBV VCA IgA titres correlated with the risk of developing NPC. Moreover, individuals who had higher titres for EBV VCA IgA (C1:20) and a positive EBV Ea IgA serology had the most pronounced risk, with a hazard ratio of 88.7 [19 • ].
In a study comparing antibody titers against EBV VCA IgA, EBV nuclear antigen-1 (EBNA-1) IgA, and DNase among 2,444 unaffected relatives of NPC cases in Taiwan, individuals with positive EBNA-1 IgA titers had a 4.7 times relative risk compared to those who were negative. Its sensitivity appeared to be limited, as it identified only 50 % (7 of 14) NPC cases in the study, but it gave the best sensitivity among the three markers tested [24] .
While it is clear that EBV serology tests are helpful in stratifying patients based on risks, the choice serology test to be used for screening is still a matter of debate. Although EBV VCA IgA gives a very good sensitivity, it has a relatively poor specificity and an unacceptably high false positive rate, of up to 53.2 % in controls [22] . Its lower specificity limits its role as a screening tool, as it would identify too many false positive individuals, requiring further clinical evaluation and follow-up. EBV Ea IgA, on the other hand, appears to give a very high specificity of 95-100 % and relatively poorer sensitivity of between 72 and 79 % [23, [25] [26] [27] .
Chang et al. [28] compared EBV VCA IgA and a combined EBV Ea ? EBNA-1 IgA test in 156 NPC patients and 264 controls. Based on receiver operating characteristic (ROC) curves, EBV EA ? EBNA-1 IgA (AUC: 0.952) proved superior to EBV VCA IgA (AUC: 0.888) as a screening test. A summary of the sensitivity and specificities of various EBV serology tests can be found in Table 2 .
EBV DNA Load
The EBV DNA load test is a real-time quantitative PCR targeting the BamHI-W and EBNA-1 regions of the EBV genome in plasma or serum samples. The test, first designed in 1999, demonstrated a distinction in EBV DNA load between NPC patients and controls, with 96 % of NPC patients having detectable EBV DNA compared to 7 % of controls [29] . However, subsequent studies have reported lower detection rates of 53-74 % among NPC patients, and also demonstrated limited sensitivity for this test [30, 31] . Chan et al. [25] evaluated EBV DNA load in 218 consecutive serum samples, of which 51 had a diagnosis of NPC, and demonstrated a sensitivity of 56.4 %, specificity of 98.2 %, positive predictive value of 91.2 % and negative predictive value of 87 %.
A comparison of 160 untreated NPC patients with 76 healthy donors with EBV DNA load also showed a limited sensitivity of 68.8 % and a specificity of 88.2 %. Furthermore, the sensitivity and specificity results for EBV VCA IgA, EBV Ea IgA and EBV DNase antibody were superior compared to EBV DNA load in this study [27] . In another direct comparison of EBV DNA load and a combined EBV Ea ? EBNA-1 IgA test, Chang demonstrated that EBV DNA load was poorer as a screening tool based on ROC curves (AUC: 0.893 vs. 0.952 respectively) [28] . Among high-risk family members, there are limited studies evaluating EBV DNA load as a screening tool. Depending on the assay used, the detection rate of EBV DNA among healthy family members ranged from 0 to 15 % [30, 31] . The current data in the literature suggests a limited role for EBV DNA load as a screening tool for NPC.
Narrow-Band Imaging
Narrow-band imaging (NBI) is a recently described technique used in addition to traditional nasoendoscopy with white-light imaging. Using narrow-band optical filters selecting blue and green light at wavelengths of 415 and 540 nm, epithelial and subepithelial microvascular patterns in the nasopharynx can be visualised. Lesions exhibiting a well demarcated brownish area or irregular, distorted microvascular patterns are suspicious for malignancy. With this additional imaging tool, superficial or submucosal lesions that may be missed by traditional white-light imaging can be identified, improving the detection rate of NPC on nasoendoscopy.
In a study evaluating 211 consecutive patients with nasopharyngeal lesions, Wen et al. [32] reported a significantly higher sensitivity of detecting NPC with NBI compared to white-light imaging (93.9 vs. 71.2 %). Another study evaluating 1,854 patients with both NBI and white-light imaging also found that NBI had a superior sensitivity (100 vs. 90.3 %) and specificity (99.2 vs. 75.4 %) compared to white-light imaging in identifying NPC [33] .
Although NBI is helpful in identifying malignant nasopharyngeal lesions more accurately, its benefit over whitelight imaging in screening programmes still remains to be established. Ho et al. [34] screened 211 family members of NPC patients with NBI and white-light imaging, and found good correlation between both techniques. All four family members diagnosed with NPC in this study had suspicious findings on both NBI and white-light imaging. In screening programmes for high-risk family members in endemic regions, the threshold to biopsy any suspicious nasopharynx lesions would be low and NBI may not be helpful in improving specificity. However, the occasional non-exophytic lesion which may be missed on white-light imaging may be picked up on NBI, thus improving sensitivity.
Other Screening Tools
Molecular assays based on nasopharyngeal swabs have also been developed as possible screening tools. The assays are based on polymerase chain reaction (PCR) techniques to detect EBV-related antigens such as latent membrane protein-1 gene (LMP-1) and Epstein-Barr nuclear antigen gene (EBNA) [35] . Studies detecting the methylation status of tumor suppressor genes such as p15, p16, Ras association domain family 1 (RASSF1A), death-associated protein kinase (DAPK) and E-cadherin have also demonstrated epigenetic changes detectable in mouth and throat fluids and nasopharyngeal swabs [36] .
Recently, Zhang et al. [37 • ] developed a multiplex PCR reaction, co-amplifying EBNA-1, LMP-1, methylated RASSF1A, and DAPK in a single reaction. Among the 69 samples tested (49 NPC patients and 20 normal controls), the sensitivity of detecting NPC from nasopharyngeal swabs was 98 %, with the specificity as high as 100 %. As nasopharyngeal swabs are non-invasive, this method of testing is likely to be acceptable to most of the population. Furthermore, the combination of four markers in a single PCR reaction provides for cost-savings, especially if PCR reactions are run in bulk. However, unlike serology, which can be performed along with other screening blood tests for diabetes or hyperlipidemia, nasopharyngeal swabs will require a separate procedure, which may reduce its take-up rate. Further evaluation of nasopharyngeal swab molecular assays in screening studies should be considered to test its utility as a screening tool.
Current Screening Recommendations
Recommendations have been made for screening family members of NPC patients in countries where NPC is endemic. In Hong Kong, screening of family members above the age of 30 with nasoendoscopy and EBV-specific IgA ELISA [38] is recommended. Individuals with positive ELISA results are further evaluated with EBV VCA IgA and nasopharynx biopsies. If these tests are negative, yearly follow-up is recommended. In cases where EBV VCA IgA is positive and nasopharynx biopsies negative, further deep nasopharynx biopsies are recommended. In Singapore, annual screening with EBV serology and nasoendoscopy is recommended in persons with two or more family members with NPC [39] . The serology tests of choice performed are EBV VCA IgA, with a high sensitivity, and EBV Ea IgA, with a high specificity. Titres of 1:160 for EBV VCA IgA and 1:5 for EBV Ea IgA are considered significant and would warrant further investigation with nasopharynx biopsies and MRI scans.
Future Directions
One of the key challenges in NPC screening is the development of a minimally invasive screening test with good sensitivity and specificity. However, based on the sensitivity and specificity results described above, EBV Ea IgA appears to give the best balance, with its superiority as a screening test further confirmed by ROC curve. Furthermore, its high specificity means a low rate of false positive results, which is crucial in screening a large population with a low prevalence of disease.
It would be interesting to see the results of prospective screening studies with both nasoendoscopy and serology tests. Even though EBV VCA IgA and EBV DNase antibodies have been demonstrated to be elevated in the years preceeding NPC diagnosis, the time taken for tumor to develop and the true asymptomatic phase of the disease after seroconversion is unknown due to a lack of evaluation of the nasopharynx in currently published studies. Nasoendoscopy findings will help establish more accurately the temporal sequence between seroconversion and subsequent development of the disease.
Prospective screening studies evaluating multiple screening tests will also allow for better comparison of sensitivities and specificities and the calculation of positive and negative predictive values, which are lacking in current comparison studies in the general population. Cost-analysis studies of screening programmes in the general population and high risk family members should also be undertaken, considering different permutations of screening tests and frequency of clinical consultations based on risk stratification.
The recently reported nasopharyngeal swab molecular assays hold promise, and their sensitivity and specificity may be studied alongside serology tests in a screening programme. The non-invasive nature of the test, and the high sensitivity and specificity reported, suggests its potential as a screening tool.
Conclusion
Nasopharyngeal carcinoma has high incidence rates in certain populations, and screening programmes in these populations, especially among high risk family members, will be beneficial for survival, as patients with early stage disease have a much better prognosis. The development of a cost-effective and resource-efficient screening model should involve the use of EBV serology titres for riskstratification. In order for screening to be extended to the general population, screening tests with better sensitivity and specificity will need to be developed.
